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(54) SEMICONDUCTOR INTEGRATED CIRCUIT 
DEVICE AND ITS MANUFACTURE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To enable copper wiring 
formed through a damascene method to be improved in 
dielectric breakdown strength (reliability). 

SOLUTION: Cu wirings 46a to 46e buried in wiring 
grooves 40 cut in a silicon oxide film 39 are formed 
through a CMP method and subjected to cleaning, and 
then the surfaces of the silicon oxide film and the Cu 
wirings 46a and 46e are treated with a reducing plasma 
(ammonia plasma). Thereafter, a cap film (silicon 
nitride film) is continuously formed without breaking a 
vacuum. 
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(57) [gift] 

[ M&^& ] is 'J 3 >lSYtK 3 9 (DlQStig 4 0 CCgfe 
iitfCuffiiSl4 6 a~4 6 e§CMP4M^fclfgtf, 

fiSo. CMP«<oij6»n^*«3ifca«:. s/ya>MftJB 

3 9teJ:C>*Cu@B^4 6a-46 e ©^®*Stc147*5 

is) *£0tr« 




(2) 

1 

[ mxm i ] ( a > mz»m&<D±micm i mmmz 
( b > m&m i tmm-kicm i mmm^mmo, mam 
< c ) B?i2?8«n©Hfriem i tti»nJboineB»r2 mm® 

( d ) ffiTIBSr 1 «ltMJ:a^Oftir*97c&1MMl 
©^Xvtcfc 9891^*111. 10 

(e) iw2^5Xv«aig©»7a. BnESituns 
&. 

[ 3*^9 2 ] if*!! 1 ia«S©^2gf*^®lHlSS«S©$ll 

ffieii7ctt#fflm©77XvW. T>*-T (NH 3 ) 
X^Xv, (H, ) 77XvcS,5Ci§ 

Bufejl7c14#H^©7"7X-v«, r>-=e-r (nh 3 ) 

i!uiE#«?#*W:. (H, ) , UR (N, ) . 7^=f 
> (Ar) . -n'^A (He) frfbMtRZ titc^-Stc 

H?ISS^^CC>Ft-rST>*^-r (NHj ) ©7ltt«:5 30 

mum. 

[ m?m 5 ] m*m 1 t2tg©*«i*aia@ss^g©$i 

fFieilTcttSSMO^vXv^, TkJSt (H, ) 

jf?ie#j8?#*«. t>*-t (nh, ) . gss 

(N, ) . TJU3> (Ar) > ^'J^A (He) #>6iS 
$ ftfciH-S fciijSS©**^ 5 C <h T £ 

*#»««@K$|g<DS!iiS^iS. 40 

c mm 6 1 m*m 5 ia$fco¥^<*igsiii]ssi£s©3S!{ 
itirieig^#x«:*t-f s*fft (h, ) ©«k« 5 KfeUb-c 
nmm 7 ] 1 nm<D*mfrmm®ffi%i&o>m 

89IBS& 1 tfttWRfctf 'J 3 >Mffc«ra 0 . 

liuf £91 2 zgH^WiJ!** 6 «c 5 C i £ ***** 

elites ] 5mm72i*$.<D*&tomm®&%i®(Dm so 
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ffiTiB* 2 JfiMtffitiS' y 3 >^(b^"C* set t f 

friSM7c14#HM©-7-5X-7«, T>*^T (N 
H, ) . 7kM (H, ) . cn6©*'^igf 
(N 2 ) . 7Jl/=J"> (Ar) . 9A (He) #>6il 
$ ttfciti— $ Mtmm<D i3X t <r>m.^H7. ©x 5 X v 

1 m*m 1 0 ] wm 9 ia«s©*ig<*sisi5isa£sg!© 

mizmu. 99.99 K«±©i««fltr * sci 
i -r s ¥*ft3KfltigiiB£B©K£#&. 

«TBB (c) ISd (d) MiOHBK:. HTSEST 1 ttlKSI 

[i«jjc3a i 2 ] i i iets©^^»^s[iiss^g 

lWKKiftifrKtt. 7j»fbfc*(HF) $fc«i>x>& 
(C (CH: COOH), (OH) (COOH) ) ©7j< 

im*m l 3 ] MsJcffl 1 2 fB*g©¥^^^^lHlSSilS 
HiTISm 1 «UKR»^ 'J n >Mftfltr* 0 . BiJIB^ 2 

c 1 4 ] if 1 3 e«so¥«f^Rfl@e%a 

Hfrieji7Et4#Hm©7"^x-7«. r>*-r (n 
h 3 ) , 7km (h, ) . s/cts. cn6o*'xtif 

(N, ) . T^3> (Ar) . ^'J-i7A (He) iPhM 

[ m*m 1 5 ] mm 1 4 imomm&mmmmmm. 

HUfB^t* . 9 9.9 9 %&L±<DmWt"Cab 5Ci 
[if JfSS 1 6 ] if5j?3S 1 ie!S<D¥z£(*Jgg0Sega© 

Htria ( c ) letcfcwsef^K:^. sg&7 -©<t*« 
c»3»H 1 7 ] m^n 1 6 &m<Dmmtem®m®$iM. 



3 

Hfrie (c) xg(c*jw-5ffg«. im? -{t^tstsw 
aRJt* 5 «±-c* 5 f t^mmmzn ^ sn 3 wg© 3 

[ M$iH 1 8 ] 1 7 Ktt©4U«tt3ll8tllRKS 

Buism i mamas' <; a >iitiT* o . msm 2 «i§ 

in&tm 1 9 ] m^m 1 8 iffi<Dmm&m®®9&mm 

mnaji7ni4#HM©7'7X-7«. 7>*-r (n 
h 3 ) . ?km (h, ) , che.©*'^iif 

(N, ) . TJU3> (Ar), MJ^(He) #>6jI 

m. 

c itsaa 2 0 ] M*gt 1 9 nE®<D¥m&mm®3§mm. 

mrie ( c ) iii ( d ) ig4©m«c. wsesi i $&mm 
*s£zm&o>$m*y wt*ss (hf) ttatpx.>m 

(C (CH, COOH), (OH) (COOH) ) ©* 

miffltZ . 9 9. 9 9 %J^±©iSf Mt'A 5Ci 
£ T •S*^ft^tSHS8^g©Sliii^ffio 

[w*s 22] ( a ) ¥^<*8«©±ji tea* i mmm 
zbi&l. mam 1 *6*§»c8S;&j&?x-r sn. 

( b ) tuiam i $mm±itm 1 a§sa&*iisu freat 

( c ) Buta?iJiW©m)iBM i maLk<omifBzmmm 
a J: vm i mmmzwmit <t o l, . B5ia?i^«:gais 

( d ) mria* i tmmto£zmm<DwmuL-7 ; 7X-?$:m 

( e ) ffiszm i stmmto£v&m±icm2mmm$:Mffi 
tsii, 

*s?tf c i &*hk i -r s*i»»msiaKSis©«jt* 
a. 

[f«^2 3] ia*^2 2fB«s©*«»aisiBis8^a 
©SS^ft-r^or. 

HUfe^^XvW. ( N H 3 ) . £/c«T>* 

-7 i#i|R*'Xi©il^y7X©7 , -7XvCS>0. f)ie# 
(H, ) . SBR (N, ) . 7JU=f> (A 
r) . ^>;-5A (He) A>e>iS§!R3tt/tiii-£fcttffiS[ 



(3) #53 2 0 0 1 - 5 3 0 7 6 

4 

mm. 

[nmm2 4 ] ^(*s«©±)itc)K)?s;3 ntcm 1 te 
S8^g©tii»^ft-c*^r. 

( a ) ftgBftSRtcS £ >iWUS<C«l«* J: 

( b ) m&m 1 tmmi l cffi&tctefizBf8.-r zxm. 

( c ) mszm 1 m&m<D®mmzm7v&'%m$ix<Dy' ; 7 x 

( d ) friars /c«?L©rtii^^tf^ffi*s 1 &n 

I^iiL, HufaitSfc«?L?ra«!)iAtfS2 3S^Si^»$ 

( e ) mszm$ tctewimcoffizim 2 mmma <£ o*m 1 

So 

1 m*m 2 5 ] tmm 2 a %?M(o*m&m?mmiW 
20 <DWtmj5&-e&-o-c. 

Btriaji7ctt#H»©7'7Xv«. r>*^-r (n 
h 3 ) . ?km (h, ) . cn^o^igf 

(N, ) . r;U3*> (Ar), ^'J-iJA (H e) A>6i§ 
!R 3 ^ fcl* mkCDfiX t <Dm&rtX ©7' 7 X-v 

& 

[ wm 2 6 ] 2 5 iai£©*«(**f«[iis8^g 

©SJ^ffi-C^-D-C. 

mriaiff 1 *e,#ii©±ffi(c^ 2 0 . suia 

30 ( b ) IfMKfcOTitSiaJfS 1 *$J:CXSr2«S#M(c^S/c 
«7L*^fiSL. fliia (c) Igtcfct>riiirfBi8£/c«?L 
©rtHtcSSaiU/cBifiB^ 1 ^^©SSffiS^jiTctt^H 

m© ^7 xv{c <fc o ^a-r sci *i$at r z>¥m&m 

8JBS8^a©»jS*ft. 

[ n«a 2 7 ] ^^{*S«©±® ccjf 5fiS 3 ft/c!ff 1 tfi 

«n £ . mrt a^ 1 mmmomt*) k -cjesE 3 n * 

MIB^ 1 JfiStMteJ; i BUlBffr 2 iil i ©^H(C 
[ 2 8 ] 13*31 2 7 fE«©*i»(*^SIilK^g 

BiriB^ 1 mmma~> >) => >mtmn*> 0 . vtwsntm 

[ 2 9 ] 2 8 fBJS©*«t*^ffl|5|?8^g 

liWBfiffcBtt. -e©ag*©^?ss* s . fjga^iiffe^® 
so te «fc tf£fa<ii*> e.Btrie® 2 ^MWJfcjttoicfieo -c^s < 



(4) 

5 

n z c 4 turn. 1 1 htm&mm&mm.. 

[ mxm 3 o ] ntatg i §dtt<D3m&mm®m&&<o 

frie (d) ifio&Tfg. H«ie¥^f*gffi£*sy?fflSv 

li6i(W*»J:CfE«±«:. Use (e) IS© mizm 2 & 

[oooi] io 
c»w©«-rs»«»»] saw*. ^avttara&s 

^iiif^^WKfifcteJ^CMP (Chemical Mechanical 
Polishing ) 7££fl?<,>/c$F^CC J; 9 J^S^T 5 . 1>*>KDS 

y-?j/>ffi«:a9fflor«aiagtisK:w«-4fe©r**. 

[0002] 

fiMMfflffcCC^o. IHJ§IJg!n©t§*. ie^aS2©if», C 

CC&oTI,**. EFteiSttfigfcai^i'LS I tctet^r 
tt. *©ttJHH*WB ibtA# araa** or t> s . 

C©/ci*. fcixSl 9 9 3 VM1C (VLSI Multile 
vel Interconnection Conference) -yffiSfll. p 1 5~p 
2 1 iCiBIS 3 ft r I > a <fc "5 tc . &lftfitt<:}£Ji& L fci&fg P 
(C« (Cu) «£V«M&r«Ettffl£IR«aAi^Af 

a. waaM9\&0*#u&*it&wtNfm& (cmp 
a) *ffli,>ri»5fe-r*ci«:«fci5iatt»rt«:Bia/t*- 
> £7fr$-r £ s nr t . 

[0 00 3] ^Mf9-3 069 1 5^a«: 30 

tt. ^SMWSSLk©^ 'J 3 >Bt{bJR(c|Q|gjft&?Bidt3L 

vyu-icjivmpucmzTtmc *®acMPjs«cj: 
■j8hjui-©ih«*i»*u 3e>jc*ss#Hs*r^s 

[0 004] ^¥ 1 0 -560 1 4^«K 

{*. ^Mfi±KM3 fifcat^ f »SfeJ: y $ > 
^^>«4Wr*«WB«»*CMPffitcJ:«)W8IU 
/eg. -?-©P^$ft/c^ffi4c^ny>^l-£#;*£JBi,> 40 

fc y ^ x^aassris-r sas a*ie*s 3 nr <, > £ . c ncc j: 

[000 5 ] S/c. 1 0-560 1 4 ^fRJC 

». E«*»fiSbfct»Ttt±K!S^SOGIB*JBJSR 
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[000 6] 

a«cch*a«>jitf*a5« <& 4 zitmu. 
E&rmmomm* c m p sec <t o »*r * 

[0007] -T&fc^. iS14te©ay v i> L S I ^©Sl 
JH**«Lfc»^ BBlS!S©iSj««fiB«tBaitS1M*R 

«©— o-c*4. -e-cr, mmzmrfrrz 

u r j&fiiisr * & s/y n >im M84> * tttsc o c » 4 i> 
^eiHt^. ctor. E»4a^/<yrBi©«ffl**J 
E»»rt©^'jr«ior«fiib^*>« 
#tfcf*3ftrt>£. £tfLb8&a5t*I* (*+• v 

ias««:7S 5 * >m 4 e*©.l»* * +• s 
5"j3>wfc§i4-e»*w,>. Jiiaii&iHR (->'ja>i 
^©^©ffi^^r^n ia^©[tffii44ig» 
sc4**tai*;**iri>.s. 

[0008] 4 c 5*5. m*wzmtm< l cm^tcm&> t 

DDB (Time Dependence on Dielectric Breakdown ) 
SWfc#. i&<D&mttn (/cix.«TJU5-^A, 
^f->) ©»^iJ:b«U-C#l/<JSl.>4tOraH3W¥«E 
f5. J&fc. TDDBi^Hiti, s»m©ie«nR«iKS 

4^HTSflniis*iw«©-ffir*o. mm;mmm%t£ 
o iS^ef^©jaar©issifT(cfcw s^*sk«Nfibi*> 

T5S^*Sr*S. TDDB«ifi(BC©TDDBSi 
^e>«6^3ft-2>#^r&5„ TDDB*^(COl,»t»S 

[0009 ] S55«. m&m, r;us-^AiES. ^ 

> i^X f >l£tg©T D D B^tt^g'JS Ltcr"- * *7jk? 

snosrri»5. rjU5-^Aie^©^tt (x-^a) 
y^^>Ett©i|$tt b> 4^»-r5 

4. «W^£S* 5 0. 2MV/cm (iiSffifflt^) «C*J 
WSTDDB^li, *PM6«BBBt*?.3x 
10" sec (lOf) 4<§{CSx.5„ —^3. P@S^© 

<^-*C> £?Hf-r£4, 1 0¥©^^gSfC>ft 

L,ra4^4'v-tp>©^cc^^r*5c 4*^*^5. 

T ^ 5 - ^ Ai5iS«tSaS©itBS i7^'Jy«7^ 

fflc^c^^--=->^cc c t0^L'r^5^, ^>y^7=- 

>i2««aiE^4lHl«{C^Ti'>^4fflt»rfl5fi£L/rc» 

5. i0I c ^4$>^^^>ie,^©tBii«M*4 
©^r$>0. «ii±©ffl^«/j:t>. ^ft(c^*^to6-r 
TDD Bfttt©!Btf tttiatf & 5 C 4 «. IE*lttf4©ti 
^CjaS-T5C4*s^iS3ft-5„ &*J. CCtCTD D 

B^tt»i 4 0*c©jaaTrtTo/cf r -^47Fbrc> 
5„ 



[00 10] C<D<k'3ts:TDDBmtii<D<£iWm&> & 
,tfcliWE£<£T3 C t K «fc £ £-««:»**. 6tt S 

BUS"./-? -C FftggttSti. Cft6Si©{b^13ja>6il34 10 

[ooi i ] *^Bj^e>cD*iftr-«. ffimmzg- 

micBf&Ltcm-S. JJME«©J&fiSISr*SCMPX 
S{c*Jl>r. TJB^£*©±»K^l83ftfclMM 20 

[0012] 3 ffliagLt©* + * 7 - Jgi LXis y 

[0013] #|89J©eWW. jfvf>tt*»>T«« 

[ 0 0 l 4 ] S/c. ##&HJ3©SffJ». IBiSJS<h* +• v V 
*«bOM(*©|6^*«l«ir4CiK:*4. 30 
[0015] 3 6(C. *^BJ©@fi«J«. f ^'JStc-> 

[0016] *^©fiia^c6a'{c-?-©fte©@w<tffa 

[0017] 

[00 18] -ft**)*. *&mi*. CMPIgO^. IB 

>; 3>ftMfcJ»> ©^ffi=&jl7ct47*^xvr-^ffl 
-r-5fc©-c*-&„ 

[00 19] ChKJ;!), ^fcJieXJIHifiiMU** 
[0 02 0] «T. *«^©«S«:J>JE0-CttWr4. 50 



?#Ba2 001-53076 
8 

[0021] *%9j©a&&£&t*. *>ss<*s«©±jik: 

SfflttiRIS (fciittfi";3>»^fcR) ZBl&b. mi 

tmmicm (warn) *j&s-rs. zv&mmmm 
m<Dtm.^m±.n>7u *, *>?m. /c t 

- »*«*i&tfSII2ai*BI (MR) SIRftgiS 
5^*H«©:*7J*v«:«fcD8MI-*-4. 3 6«c. miis 

tut*; <fc weblbcw 2 noun ( * + » ttoim* . fc t 

[0 02 2] CCf, ®7c14#H^,©7'7Xvtt, T> 
(NHj ) ^7Xv*5l>(J*^ (H, ) y'^X 
7itSCi*5t?*5. T>*-7 (NHj ) £ 

(*JR (H, ) . SBR <N, ) . T;U3> (A 
r) . ^>J^A (He) *»6«R3ftfc#— SfctJtSK 
©#*) tVW&iiX-fvX-?^ *4WJ, *^ 
(H, ) £#s|R;tf* (7>*-T (NH, ) . ^ (N 
, ) . T;U3"> (A r ) . ^M^A (He) *>>6jStR3 

nfc#-s/c«fflsc©*'x) i©jg-^**^^7X-7i-r 
[0023] jg 1 tfiiuitti/ y 3>Bt{bii£ u. 

se^ i u •c©^i4*?flatoa^©H-c^s^ J f>^fln 

iRi^a©ai«— fl8(c4 Nrtt*>% 99.99 %«±©& 
©*m>6ns. 

[0024] */c. sfjgxg©a. y'^x^wmticm 

1 «6^i*5 J:0'K«©^ffi*Ki5t^-r SCi««T*5. 
KSfe^cii. 7 >{fc*^ (HF) Sfciii'x-^ (C 
(CH, COOH), (OH) (COOH) 

[0 02 5] Sfc, W^XI1CC«, m%L7 'J-<Dit¥& 
Wia^SCiAitSS. B6I1 iStt7y-{t 

^25f^, teiO'. m2^flaRtc*tL/-r^iaimM©3a 

[002 6] #$MH©«ifi#fttt. *S(*S«©U1K: 
»Hft»*l*JBfiEO. »l«IIW«:SI*»JsdEO. fSim 

mm. mzmibi2>tsm2mts&*ftmL. m2&mmts 
umtsm* l. mi tmm*s£um®±K.m 2 tmm 

[0 0 2 7 ] C©tg-^-©7*7Xv(*. 7>t-7 (NH 
, ) £tc<,ZT>*~TteJ:V : 7km (H, ) 4. fflR(N 
, ) . TJba> (Ar), ->yfA (He) *^6StR3 
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[0028] gfc. *Bm<Dmmimit. mmm (/< ? 

*©fil»» 1 tt«M*«SEL. * 1 .1«Jt8a{C^$/c«?L 

lSSl^tab, «Sfctt?l*B«>&tfai2$«gS: 
J&SU fll*fctt?L«5W)»2 «fcC«B 1 *ttfit 
4fHSKJ:»>IS**U ?fS/c«?Ll*5tC«ma5W5rff^-r 

iBISHTCas. ftfc. m*MlLh<c)ir2IUMe»JS 

[0029] *3m<D¥mt*mm®i8£imz. m i 

i . * 1 ttftRfeJ: CfflBBLhtc JBRR 3Wc$2 JgifiM i 

* ©ssr»is*«. * i tmmnj: vsamm* 2 sent 

[003 0] $ 6«C. **W©«ii2ri*tt. ^igftStg 
©±«KffS 1 |fiiiflt&J&$ U * 1 ttlMKilttM 

* 2 agttJl£7fJ JjS U S* 2 ISIteJ: O'SB 1 «UI«9F 
»ur»rt«:lBtt*JB(dEL. m^WB<fcWE*l©3i 

l . mmmicm 1 $e,#ag*j j; vmM±t,cm 2 
»itBi*i!»r * i> ©r& 4. 
[0031] «t. *mtc ffiffl-rsfflis©-® 

[0 03 2] TDDB^itt, BFfS©fiS (fciittf 

1 4 ox;) ©ai^frT-cwiiBccthiawjei^aE**! 
«EEffla*6iei»K«*"c©isnB*Ena«»{c»o 

fltfflWHSfi (fciittfO. 2MV/cm) 
3jW>A:ll*m 15 6tt, *IC9TDDB 

(b) fccfctf (c) « (a) (cfci«B-B' mWiWte 

jz&c-c mwtMz&'iTfk-r. coim«iasiKtt'> 

i«<5TEG (Test Equipment Group) ^SCCflSfiXT?* 

c (ommmm l NKc*nwEPfti 3 tiwjbvmss . 

/<» h P 1 . P 2ttaB3ettq=-r*i. 8B^£KL©S«l 
IB. EttfUHI. EttlSSttffltifcO. 5(imt$5. * 
yfci2iK*f|BjSB 1 . 5 8xio s umkbtc. 0 5 7 
«. ilce©«B«:7Sl/fc«J9fi|-C*S. SOSHiWJE^f- 
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8 ( I/Vffl>J5Eg) *«ttT4. K»af-J?SBt- 

*H-can»snK«ffiia**i4ox;ccraK3hs. B5 

8«mflSSEi«JSM^©-^t?&S 0 f*f4SBl 4 0 
•C. SS?aie5MV/cm©JS-&*W7nOfc. TDDB 

FdJ©igjg tife «cSSSESBS««il> O . -&©$;!».{§* ftmtfs 
Jf» <«*««) aWHMSflS. CCTB. 
10 SS^l/xA/cm 1 (CiWcWI?:TDDBf*(5 
MV/cmKtetf5TDDB*^) iUfc. ftfc, 
(CfcHT. TDDBs^ilJ, ^(CfRlfeUllg^O. 

fCB§fS©mW^{C«R Ufc -5 x.-C$Jg|$ -C©B#RS] £ 

orTDDB^©fi^ffli^^€>a>-5.. Sfc. ittc 

mSL-ft^RgO. TDDBS^tt, l**4Sai4 0*C© 
Jt^^l^. ftfc. TDDB^«BtrlH©fiSff5ie«IL-C 

20 [0033] y^^Mtii, y^z^wmic&zm 
sm#f^sn-ci,>-5^«:«-e©si5W*ffi**so. 

7Xv©lt?W. tiMlft M>h) flUB** 

30 •75:. i E0-rS4>©-C«ft< . ^©^^Xvrttc^sn-S 

^^^^ zaiikeaR. Tkm-Mm) ©# 

tfc i^gf^-r.5^©-c{iftt,^ 

[0 034] il7ctt#H«©7-7Xvil3:. jKcffiffl-T 
j&ihv 7^?7;u, W^viciiM^-S^ti^-T-t^©^ 

40 — omgmo&teb-f. mm<DmM.ifi-%&tix^x 

[0 03 5] 2(WCfciittai*»€>tt44*^Lfc» 

tc^sti-5>c i Zffim-rz *>©-e«&<,>„ *M«:*j^r 
K*6S©^*> 6 ft £ <t ^Jg L/cJfi^r{c«. — flSWftl®« 
K*tf4 (fcix.«4N (9 9. 9 9%) ) iao«T» 
50 fiS3 tiZ C i L/. 0 . 0 1 %m&(Oi± M<DJ&Wt 



n 

[oo 3 6 ] *Mvt!x<Di&m±t,>5m&t l az. nmm 

tr^BjCCK. ^A©Slj3Sl*Fa. rtZBCDMmm 
MFbilt, Fa/(Fa + Fb) = 0. 0 5 (DC 

[0 0 3 7 ] OTBft £«. HKfcfl?** * * 

[0 0 3 8IM (^7-;^) ttt. — «cc*^ycc 
[0039] ivmmwa <cmp> -nacctsw 

s^^icct B*f^tt $ erwwff 5 c t * c h \ *aacc 

»«F 3 if S C i (C<fc r WS«r?f 9 C M L (Chemi calMec 20 
hanical Lapping) tl £6£t? i><DtT £ 8 
[0 040] ffitft? "J ^fc¥«««FBi«, HttCCSStt 

osB»Be^o . 5 9 y *ffl^fc{t*««w 

o. 5%a±(D^7y^^/dfc?iiii^^ e u 
s&mkk? y-{fcs*««w*r, -**ioc*fc< fji2 xf ? 

^f-; :?4>VMF*fitt *7 y b¥«MVtt i c > 5 6 

[0 04 1] BMHfl&K. ^IR©«ffiCCWfttt©*J<t 
/*fetteMctt©»M**js8T*ci«:<fer>r, cm 

HRCCO'/h VT'S-Jl (BTA) tttf#««3tl5 
(» L < ««fB8¥8 - 6 4 5 9 4 ^$R#flS) . 
[0 042] *«t^y7iitt. -«ccaaw&*K» 

«tta< b»*©ffi©i£tt»i±tt* *rr e> «c 

[0043] jitRWi^*, mimvfm* attRWx * * > 
acinfb^attwBit^iStt. ^-rtx&mmt 

[0 044] a»ii*iBH<fcW, H»Cc->>yjl,yv-> 
>(sinqle damascene)-^ f^TJU ^vi/> (dual damasc 
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[0 0 4 5 ] StRItK:ot,>T. TAOBiC^T^J <S 

/c« rBcc#t-r&A<Dj ) miRtt&xti* w 

[0046] «T©j|Jfi©0S8r«. «FtC^Stt<t*« 

[0047] */c, KiTojuso^r«, isub*© 
fctt^ffloseBW. Bin. «j5a»98tt^©H»cc*s. 

[0 048] 3 6tC, WTCDjUSOff^Cfcl^, 

(D^if (fl». sua. a. ccsars 

[0 04 9] Biatc. «TO«lio»JIRK:*5t»r, til^S 
[0 05 0] *fc, *rocfco^r^^siS0K^ai 

l>9£«tt. W«c*ISIl5/y3>WE±«:ffi6ti**>© 

^ v SO I (Silicon On Insulator)B^-^T F T (Thin 
Fi 1m Transistor)jSSSSfflS«& ifi^o /cffiOSi 

[005 1] 

s/cfto^Htcfei^t:, 151— ©gpttccttig— 

[0 0 5 2 ] <Se»<JWB.«l) #JW<0WS©»«1 r 
$,5CMOS-LS I <D»jg^ffi*H 1 1 9^rfflC^ 

[0053] *r. inc^^c, witai^i o 
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(err. *«<tc>5) ncsss 3 5 0™® 
VDffirs/y:3>»fbj»3*iiS-}-a. m>rflW>±» 

©^U3>»{fcH3*ft^««W« (CMP) (Ccfcot 

C£K:J:oT 4 p§?^x;l/4:fo<J;C>*n§i^x 
^5<r»«Lfc». S«l*X*-A»{bT4C£K:<fc 
^t, pS l 5i^44sJ:a f nS! , 5iiI/5<DSffiCCJS/S:6 10 
nrnflgCD^'- FBWbM 6 

[0 0 54] ^CC, H2tC7ST<fc^CC, y-h&{bK6 
<D±mc. <BEfn»ttJI^Ua>a. WN <fi{b*>y 

flWI7«r«JSW*. *i*S/y3>iBCVDft«C<t 

[0 055] 0 3CC7frrj:5fc» fct y a 

-;l/X^-tl3^MTS. C©g k -Y^JT^ii* 
T^CitcJ: -or, p^x;l/4CcS^F*B«J?aa[©n* 
S^($TO14 FU-f» 
^x;U5CC^^?SSOp + aB^»WR«15 (V- 30 

fw» sjisisw*. na^««5cctt»j> 

CfcHtbX*:. pSt^F««!«:tt#o>4«7nr#S. * 

©ai^c > y -y- >r fs 9 cc% -c<djm 

T\ n^t^SMISFETQnfcitfp^t^H 
MI SFETQp^saS-r*. 

[00 5 6] ac«C. 04CC^TJ:^^, SSl±CCCV 40 

X hKfc^^CCLT^y n>&fbIBl 8£ F^-/x* 
*>y-TSC£K:J:*K n* S^Vftffitt 1 4 <V- 
X, FU-f» ©±SBCcn>^^ F*-jI/2 0«BJ« 
L/, p* S^tt««15 <V-X. FW»<D±g|S 
CC3>jr^ F*-;l/2 l*0flEr*. £/cC<D<t#, y 
- h«S7<D±8BCCfe3>*^ h*-;l,2 2&&l&tir 
6„ 

[0 0 5 7 ] f y =i >BHbR 1 8tt, y-h^©7, 7 
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C»K. (fflxtf B P S G (Boron-doped Phospho Silicate 

£ft£SOG(Spin On Glass) Bvmf&UX h <£t\, 
[0 05 8 ]^CC, 3>**r*-;U20, 21, 22 

(onmc^vvi 3^js-rs 0 ^^2 3*jg«jTs 

OCtt, WAK:3>** h*~JU2 0 % 21, 22CDftSP 
ft*ttS/»J 3>»ftBll 8C0±Si5«:C VDStT i NI 
fc <fc O'WH^rltm U/cf^ > y n bflt 1 8 CD_kgp<D 
i N*to<fcCWI»£{b¥«M*ffl« (CMP) S 
gfcttxy^^ffifcJ^TBfe^u 3>**h*- 
;U2 0, 2 1, 2 2©rtaB<o*cccti6<©IR*gi-r. 
[00 5 9] ^(C, BSteTjVTcfc^CC, >"J3>@tlbJg 
1 8 (D±9SK§fl 1 S gcDSSiS i ft £Wf2*g 2 4 - 3 0 * 
ffJ^-r^ 0 WiB«2 4^3 0*JBjiR , ri6C«, «it«l/ 

y:a>BMb]Si 8©±awc*r«* *y >^srwi?:i 

F5>fx*^>y-r&o SlI@OTES2 4-3 0 
tt % :a>££ r *-;U20, 2 1. 2 2§IG-Cn?t 
^MMISFETQnOV-^, F W > ( n * 
m»mW s pftUSMISFETQpOV-^, 
Kb^> (p* ffl¥aM*««) F*«7<h 

[0 06 0] #CC, H6 (a) . (b) CC^Tcfc^CC, 
fR 1 ^acDWSS^2 4-30 (D±SRSc > y 3 >BMUR 3- 
1**»U hb^X h«*v**KlLfcF 

7^x^>^>»J 3>BKbiS3 l ccx;u-jf>-;b3 
2~3 6*JBfi8Ufca. ^;l/-*-;l/3 2^3 6 0rtS 

[0 0 6 1 ] 3>ffiMt!H3 1 W*«**/> (* 
fcttWR) irh7ih + ^7> (TEOS) i*V 

-;U2 0, 2 1, 2 2©rtgBtC^^y2 3*^fiSOfc* 

[0 06 2] ^CC, 87 (a), (b) iCTjVTcfc 
^»Jn>®{bK3 lCD±^cy*^XvCVDffir^i!5 
0nn®SO»C^>y3>a^tlB3 8*ii»0, ^C^ri> 
»J n>»tJS3 8©±eWC^XvCVDffirKJS4 5 
OnrrSSCO^y 3>K{tM3 9 *l«STS a 7 
^ h U^X hK^rVX^CCU/c h*7^i^>^Jl/ 
-^>-;U3 2-3 6(D±aB<0*>y =J>B!{fcJR3 9*$J:^ 
>"jn>^fbB3 8^:1^*0. Ett» 4 0 - 4 4 *»RE 

[0 0 6 3 ] fflgm* 0^4 4«rJB«rS«:«. 

y =j>SfbK3 8*x-y^>y^ b v^ccur^y=i> 

K{biR3 8«x?^>^T&. COJ:^Cc. ge^?t4 0 
- 4 4 #«JS3 ti4 5/ "J 3 >^ib^ 3 9 ©T»«CW(,^ 
y=i>ttftM3 8t»tfUt*J», C<D->yn>Sfb^ 
3 8CDaMrxu;^>^-B<9±L'/cm, ^'j3>g 
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<tM38£xs>9 1 >f-r£C<!:K: c fcD. I2*Sr840~4 

4 ©ats < m&r sci^s. 
[oo64] xic. ±isamm4 0-44 ay^^xr 
© j: 5 Kim-cm 2 b g©es? <t & 5 c u w.m 

[0 06 5] £-f. [38K:^-rJ;^«c. ffiigjft4 0~4 
4 ©ftgflSr^if i> y =1 >mitm 3 9 ©_hgp«:*/-c ? z y 

>yffi-CHJ15 Onmfig©i§tl>T i N (^ft^£>) Jg 
4 5?:iil/A T i NIH4 5©±S)MCi5i|§«4 0~ 
4 4©*SJ:9fc+fl*:W.>B» (P!)x«8 0 0nnig 
S) CDCu^4 6?rX^->$y>yffi-CiiSTS. 
X. 4 7 5 •CBao*M^ttt»H« (Wx.S*7km#ffl 
SO *'ClSl^S»lt5Ciia- 3 tCul4 64 
y^n-S-tf. Ea8J4 0~4 4©rt8WC|»|Bia<Cu 
Ig4 6 &ti«>j£t?. 

[006 6] ftfc. CCTIi, XA-,^{cJ:5CuI 
4 6 <i ©f&© y y a -«: «fc £ s«>j£**i&i!H 0 . 

TCul4 6{CtI^rSCuJ®*Jf5fiRLf*>^. 
[006 7] Cu«->y 3>K{tJS*«Cffi;«S:Ua<,^<«:l> 
5t£St***Sfci{>K:. iB®?i4 0~4 4©rtWCCuK 

84fladsofc«te. > y 3 >BMfc*3 9 ttncc u 

U £ttffl©JS»ft-t>. i/ya>M{lJR3 9©WMS±» 
KJ:&E«|HISF*tf«©i»ftI*?l#itac'r. Sfc. Cu 

«^t-> y 3 > a £<otmmnc»f zmm-miz. l 1 » 
£ c > 5 ttR*** 4 fcabtc . i/ y 3 blB 3 9 1 ©WSB 

[0 06 8] Se-^r. iSH?S4 0~4 4©F*ggPCCCui2 
i"J3>BMti3 9iCul84e 
£©ratcc u©ffiffc*jqi$iJu *^«5^Wf4«:>Pt-rs« 
BttJWt>><yr»*Hw 5. 3<E.cc. ±ib 

©<fc5&y 7D- • xm* $ y >^ffi-cia^si4 o~4 

4©f*39»CCuBi4 6«raa>iitrJS^K«. 
CCCuI84 6©?g*l14£fa±31±SttSf4>^y7BCCg 

[0 06 9] C u £5&<b'£ft»L&<,>_biBT i N*\ W 
N. TaN (&it*>Z>\s) KaoMn&M&Ml 
«. C©«fc5&'"fy7B£L.Tifj®&fcmr*.5. £ 

CuiSlEL-gfl^Ta. Ti. W. TiW^S 

[007 0] SE/c. ferFt-|&HHT£C ui2,1§l©ff$J?£frf£ 

«. j««a©cuii*fle-9-ccuB»*»«-r*»^© 

[007 1 1 H9B. ±IBCug|4 6 0W»{Cfli«,>*tl( 

^©cMP&m 0 o£^-rwsii-e*3. c©cm 

*fig5!tfeiRifr4P-y 1 20. CuJS46£WB. ¥ 
iSftf £ fffiffiaS 13 0. Wfif*s»7 Lfc&m 1 ©^ 
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mK.mmm^mtmfmim 140. i*tMHiai*s7 

i» <fc ^ jcfsif o-cfc < atsMssp i5o. Rffitaas**** 
TLtcmm 1 ^faft^&f&isfc^ffls&i 6 0 *jj:E>*fg 
istjt *s$»7 l. fcss 1 zmmnvtim? z> 7 > o - tf 1 7 

OSrdAr^.S. 

[0072]@l0iC^1-J;^«:, CMPggl 00© 

wejaasu 1 3 o«. ±sp*^nsn/cttft 1 0 1 £w 

L-rteO. C©ffif*l 0 1 JCBlDttW6ftfc[liEfil 0 
10 2©±JSS8|MC«. 1 0 3<,c£-?-CM$mW}2ti2> 

wmmiy'yf-^) i o 4*^0(4we.nrc^ o c© 
Wgil0 4©*ffi(ctt. 2H&©m?L*Wf 

KI!i»)«WC«sEl/teBfB/<?» F 1 0 5t)WK>tt 

[007 3] gfc. C©$fBM3gB 1 3 0 «. SIS 1 £ 

S^tsfcj&oi^+tyrioe^ri,^. -5 

i^ + f yT 1 0 6£HK9ttWfclgB&fAl 0 7«. 

yr 1 0 6 £— f*£&^-c*-£ OSvti-r) tc 
iOHislgaiJ^tx. *»oWB«l 0 4©±2rr±TttS 

20 txz <fc^cc^ 0 r(,»-5)„ 

[0 074] SgUJ. -JXA+tyTlOefCSW^ 

^WBffi^Trsjti it^iA+v yr l 0 6(ce^ 
sti^ y r i o 6<ormmat, isiA5 

iRgSnSIHSPl 0 6 a*s^3tirfc«3. C©Gfl3Pl 

0 6 afttcm&izw.^-rzt, ^omtmmwvx." 

[0 07 5] Wmm 1 0 A <D±J5 fC«. ifB^" s. F 1 0 

30 5©as<ts«i©«wBffii©raccfFB^-5y (S) 
£gy&-r -5.fci?)©x 7 y ews^ 1 o 8 ^sw^titfc 
o. *©Ti«36»6eM&sti*waix7 y (s> ccior 
mm i ©aw»iB*«<b^w*j .tc^atswccwesti*. 

WmZy'J (S) i Utii. F!lx«r;U5y-^i:©5g^ 

u cn6**(c^tif$fc«^fl?3iffc4>© 

[0 07 6] C©WBMfflg|5 130IJ. v 

F 1 0 5 ©»fi££7& < F Uf -»^) t5/cft©Ifl 
40 t*iFl/-y!M0 9«:lxtl>5„ CCFUvtlO 
9«. PBSi 0 4©±^r-±TKj-r€>SBS!i«i l o© 

[007 7] 5ffg*5i^7 1 B. R*fit^a§P 1 4 

OKfcut. -&©^S«:|iSI4iftffl*i)5SsnSo ESfit^S 

si5i 4ob. ±sel tcmmmmsa 1 3 0©^<tffl<uo 

» ©«ffiK:K*)ftWfcWB"'<» F tcgtS 1 ©=Effi*5Jf? 
50 > V F 'J r JU ( B T A ) St £<DmO&&-&A,1£ 
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[0078] wax? <j<Dmam&c& (ffi&m «. w 

©M3B4PVA (tf 'J t-;UT^3-.»u) ©<fc5ft^JiX 
«J|g©^?LIl#*»6tt4R«fK©^i/l 2 1 A, 12 
1 B"C#t<&. 1 2 1 A. 1 2 1 B 1 ©ffiK 

fctLTM&ffirtmSgO&tffcgffi 1 ©Mffl£|5]BSK 

ifc}** f t'*i»i4Macc5fe'ff $ *:« 

M OTtT 5 C tic <fc 5 . SF^MfflSfS 1 3 0 -CSS 1 © 
£ffi«c#* Ofcffgx 7 'J *©!MCTI%-W}>k:|»SL . 

[0 07 9] F^«aS*5^jo/ c s^ i (j, -e©affi© 

fe«=&RS<-fc»fc. asBaaas i 5 o k-^wksis 

4»iJfeJM-S*-C©IBI. *©«®*«ie«0fct>J:5K:*fi 20 
m?2>tcib<Di><D-c. Fd^iif&fc'&tf-^-^o-St!- 

«rfim-r&itfi(c4:->'rc»&. c©££. Cui5$g2 

8-30 ©«aWt5tWKttJSlE*JKWWtcjttf o 

^©ffiscc^oytiK^saiittcttj&rscitcj: 

0. CuE*2 8~3 0©«tt*<fc9— ■WHKIWitr 

[0 080IIS1 ©tt*»l»±«. 09* + 7 - 

©«*&& £*. 4>ft < t 4>S& 1 <D$ffi«aAtttBCC«& 
T£C£©T£&#j£-C&iaW:, ±sEO/c&tg*t<t>T© 30 

gMff£W©:#iS-cfT o r *> <t t >. 
[oo8i] fgft»«aas i 6 o ^iii^h/cis i 

fc. ±IB©^i'7-/gt^«:5ttf*/c»Mf Or. S«i 
©ittfrSriW*;** 5 $fi7kS#^St?ff. *G*a£* 40 

«5»*fc««*^t>i5fc»Ofc"J. 1 ©»ffi**i67k 
x^7-/i5t^0fcf) OTfc<fci». 
[ 0 0 8 2 3 JJB9MMOftS|t7tsfcS« 1 tt. K* 
■;>Xfe e fcO'Xf> h--7-f©&. ISHiO/t:tSSgt?T>a 
-*i 7 0MXg3ft. iBKtftWa-r-HSor^xa^ 

[0 0 8 3 ] 13 1 2 cc^-r «fc ^ «c. mmamtm 

7 0/cS« 1 ©3lffi?£j&*KK- fctiXD&ttffiatt ( -5 x 
"fiHMIS) 1 5 OSriSTcfitigKO. emf»©««i©« 
®KJ®W7fc&£'#M#*3ftfc<,>«fc <t*J-C# 50 
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CflKiO. ftjtilg^^cJ^^IStfE©^* 
B5< , «fc^{C-C#S. giSMaSPl 5 0£iS7c1fjg«:-f 5 
(Ctt. RftffiCCttSffiffi (X h »*) ©JBH«B#f- 

rt»©JRUS**S>& <ifc500J^ X«T. *?* O < « 
3 0 OJU^XiJlT. <*6ta?$0<« 1 0 OJWX&TF 

[0 0 8 4] S/c. 13 1 3fC7jrrj:5(c:. $fggMa©Gt 

aspects n. wg* 7 ] j ^(Dfcfttmitmmc £ 

tiSJtlttili. H 1 3«C^"TCMP^g2 o o 
». ^ffiCC C u KWgJftS tlfcSfi 1 ?rjSKftiR^-r S 
a -^2 2 0. CuM^STB. ^mOTiElii^sXT 

swia«a»2 3 o . wjsjmktt o/cg® i ©as£& 

&3-t*Sf£*l*&a8|52 4 0. Sft i 
$23952 5 0*»J:!yf»iJI»jM»7Ofc»« 1 £«$tftiR 
gn7>a-iC2 6 0$Ix.tl^. CCCMP8I 
2 0 OiffiofcCuSfiie^O-bXtlJ. OTSMaSS 

230 ids^xwmmicttz titcm& 1 «. wtm&m 
©ea. -rfe*>^^©*S{c^ofcWfg^7';*©^t; 

MMfflgB 240 temm s n. we^ 7 

!M»}#3 hfc * * U&tMiWBti 2 5 0 Cc^iH 3 *i. ftK 
jWMUc+t 3 n/ca. «7K 'J teJ: ^ f> K 5 * 

grr>a-f 2 6 otciR^sns. c©^. wmn* 
wornst** 3 n & s row . 1 ©^ 

[0085] COi7&CMPft(Cj;"5. J>';=i>^{b 
^3 9±©Cu)®4 6*J<fcO*T i NBI4 5 41**0. M 
1 4CC7n-r«fc^«C. i2,^M4 0~4 4|*9{CCuB5i^4 6 
a~4 6 e*Bf&-t&. 

[008 6]^K. CuE846a-46eii";3> 
&{tlS3 9©^ffifC-7 - ^XvjaH4iS-r„ §15tt. V 

7 x v^aicffit, > .5»Ma^g©«iS47S o ^Kffiia 

( a ) is £V¥Mm < b ) r* 5. 
[0087] C«*18gfc«. a-Fd>7l3 0 1 
K20©M113 0 2 a. 302bi*t-; h-/>^7 

o lrtettssitift&rsciiK? h304*wr*. 

D-Kn^I3 0 1iffilI3 0 2a, 3 02 bi© 
Pu^tcti. ^S*(c4>d- Fa-; 713 0 l ftoymn^W. 

[0088]J51f302 a. 3 0 2 b|*JK:«g1£ 1 4 
(Stf-T $3 0 6. #X8a£3!;t£^v:7JU«3 
07. ■^•b^3 0 6*3E»r*3a#aB*t3 08. -9-fe 
7"^f 3 0 6«cW[S]0-CieS3*T.S> ^->^.t^©^S3 0 



IS 

3 I O^TS. t&fflR3 10*m^3 0 6i«S 
3 0 9<DPfl^<D^S^®^r<D^*iSm^MSlJ-r€> 

3 1 lrt«cRH3tifc5>^3 1 23WEKStl, ^>?* 
3 1 2*#SLfc*J*«l3 1 3#:E30£3 1 4£iIi®0T 

S«l«^^o fc*>\ Sffin*tMz:/*3 0 6± 

[0 0 8 9]ffilI3 0 2 a ( 3 0 2 b^WKil 10 

^ *S/*tt<D««3 0 9*il«L"C««l (Difitt«:«|& 
«H3tfXttJt^vi*-;l/K3 1 B^69HU3 

CC<fc «3ffi*^©J8P3tiS, iSJS?g«27tt«ffi3 0 9KEP 
SPSti, lt-fe^'^3 0 6 ili3 0 9 tW77X7 
«r£J5WS 0 B^««2jttfc£;ttf 1 3. 56MHz<£> 

[0090] mmm3 o 2 ar«. tctTLWMcmm? 20 

M) <D*»JW*>*lS 0 ^8^3 0 2 a iMlf3 0 2 
<ISl«li3 0 2 b«I«Cd:m; T> 

[0091] ±iBU/c^^x^«issga4ffl^ 

"C £4K 1 eC7>*~T:7^XvffiH*SS-$\ 30 
-0^7x^30 3^6ifil^P#^ h 3 0 4CCj: 
♦3O-FD^l3 0 1«C»A3n5. O-Ku^i 

30 iz+ftteffizvtmKtezz-cnzmmL. 

b 3 0 4 *fflC^»1^3 0 2 a icStg 1 £ffi^-T£ 0 
ffill3 0 2 aOy-F^7'3 0 5^i: k #i3S3 

o 2 art risi/ct, tmn 

3 0 2 a{C7>^7^^gAl 1 E^liS^tfor 

ff±U 77X7^Mf^ 9 ^11^3 0 2 a 

3 0 4 0CJ:D»^1 KP^ ^13 0 1 KUftHrr 

[0 09 2] ^^XTjai^i, /ciitl StSlCD 

r, RF^M600W, lSfig^4 0 0 o a 7>*r 
^7i£ffi£2 0 0 s c cm, #yiB$fffl;& 1 0»<btSC 50 
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<t#r££ 0 «&ffli£8tt2 6 0 0 m i 1 s t Ltc 0 «c 
£T D D BS*(DS«rt«6o*OCSatSl5^ft 

0. 5-6Torr. R FS^Jtt 3 0 0 - 6 0 0 S 
fiiaS«3 5 0-4 5 0°C V 7>^7i£I«2 0-5 

oosccm, mmmmzs^ iso»\ s«hiemi« 

30 0-6 00mi 1 sOffiH-CS^-rSCi^r* 

So 

[0 0 9 3 ] C<Z><fc5tC, CuE846a-46ei^ 
•J 3 >»f fc« 3 9 ©*ffiCC X7©I?:It c £ CC <fc 
0, Cuie^4 6a-4 6efcJ:^> I j3>MI3 9 

R (^yn>BffcBI) £CuH«4 6a^4 6e*5J:tf 
SsVzi>m{tm3 9t<D&mi!kWfa±L. TDDBfft 

[0 0 94] P*'^h3 0 4?:ffl^tlil^ 

if 30 2 btCfji-r^ fl ail3 0 2bOy-h^ 
^3 ^S^3 0 2 brt*H-#tt*£KCCfc 

feif30 2b«ci/7> (s i 

1 7 «ZtK-T J: 5 CC, CuiB846a-46e*iJ:^ , J 
3>iftI3 9(DWcV>j3>Htl4 7 

77X7^Mt^ a *<d«, mmM3 0 2 bl*3£K£ 
9F«U y- h/^^3 0 5tHOtO#7 h 3 0 4tC 

iosR i *D - ku ^S3 o i fcamts. $6 

CC, DtK^ h3 04^^t*t-; M>^7x-{X3 

O3^cs^i^gfa3-r€>o 

[0 09 5 ] S/ y n >mitM4 7 ©KJSttfc i x«5 0 
nrnit^. ^3Jia©|QKi»2BBOiBjH 
(Cuffii46a-46e) <b *g§RT* y*JKflc 

»3HS«»©a«bii*CuE«*sjBfiS3h 
€> 0 H18W, ±au/cCuiBjK4 6a^4 6e(DJB0c 

[0096] W\ H19«:»7JBB©Ea*r*JBlsS 
UcCMO S - L S I O— » 1 Jl@CDSe^ 

(mi) fffsu/ciio ^>^f>B^6^s, m 

2HiB«a (M2) 3^695 JBEQH (M5) *rtt, ffiTBB 
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(M2) fccfcO'Sfi3JfgB® (M3) «. ffiiKtl, EQRRfl 
B^*sJ:U«aB?R3 <^£) tef5Jft&0. 5/imtM 
lT£o *4JMHH (M4) «yJ:CHII5IIEt> <M5) 

1 Axm-CJBfiR'rS. m6^IE^ (M6) ttSr^y*^ 

<tU SH7JfESi (M7) «TJU5^«JA«r»flET 
H7Hge^ (M7) Mtrt^-TmiimtitSti&lfiB 

[0 0 9 7] *ISSSOJgJI8CC J:tiW, TDD BUMW** 10 

nee s ti s o i2ott *$m<D&m<Dm 2 use^ 

M2 (CuEi46a-46e) tmmtCJ&f&Z tltcT 
EG1f>7'JKDTDDB3ei&*7R-ry^7-C*«5. #H 

7 s -* (7^>Re f ) fcHBSKSVr. B*>69I€>*«C 

[ 0 0 9 8 ] m 2 1 tt, #HSS©7&«raffi l/fc^ "J n 

>B8ibjg3 9t*hj:0fe«rsidia2/y=i>mtii 20 
7-5 x^*ffi*sss ^ y 3 >ftKb« & 

Ufc*B£iffl6ffiattttC> (^>Re f ) . — 35u > 
ys^ftM^ttlMKcaffiL. 7>^777XvM 
ffl*«i*tf , *IOI[©»»«±*CT D D B#**W±"r 

tffit>fr&. Cfttt. TDDBSASSSB-rSRHttlft 

[o o 9 9 ] tcr, **9!#6tt> r>W77X 

■7«HCC J: 0 T D D B**3&*|S]±r S««*J»«r 4fc 

«6«c«4S/y3>Wfcg|©«ffl»«f*tTote. «Ttc» 

[0100]122-i24{J l CuESSKDXPS 
(X-ray Photo-electron Spectroscopy ) T^tFfO&a^^: 
^L/c^77tWo &m<D (a) , (c)KCu2p 
<WWBIS**5*U ( b ) , (d)BNls (D&mMk 
^k^s'to 40 
[01011B22 (a), (b) «rXf«OC 

H22 (c), (d) CugtCCMPO^ 

**Lfcaa<DCuiBJis«n4»«rLtete*r**. c 

SJI2L//cffl0x^yK:WBTA*^*n4/c«), Cug 
■«C3«BLfcBTArtoa**«*Lr^*fc©iJWI 

B23 (a), (b> CMP»(CKi5fej*S 50 
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u2 phT-^(cXfb»M6tittl^. Nl st'-^i 
Tltl^o gti^W:j;0BTA^*$n/c<!:#A6ti 

123(c), (d) tt, «i5fe»a*a»H»CC 2 
4 B^fifcg 0 tc*m<D C u EttflBfi£&#r L 

Cu 2 pOt-^iitJCCuOtOb^^BKS 

nSo ni s tr-^ccw&atcj:s^b«m?»*ittt». 

ttHteJ:9Cu*iffi#BMb3*i, CuO^lti^ 
[0102] c<&<fc 5 KMfbSftfcc ulster 

T 7* 5 X U fc«3S<D C u tmmffiZftVi L tc 
*S«rt*EI2 4 (a) . (b) -C&£ 0 CuO©b-^tt 
mmtkLX^Z. — ]&, Nl sb-^®<4GtO 

BMkstifccuBBcc3 5 o°c<D*m&Mmzmutctt 
m<DCu&t&mmzfttiiotc 0 *s^«n2 4 ( C > > 

<d)r*So Cu2pf-^(COlit, 1124 (c) 
ii24 (a) <b£J:b$£Tntf, J:0 7Xf« (0 
2 2(a)) tCi5C^C<b^6, 7K^MficD^il7c14 
«Mt><t#x.6ftS. — Nl s tf— ^««<fc/^<t*» 

[0103] «±<D*S*#>6. 7>*^7^7X-7ai 
tC<fct)CuiQR4 6 a-4 6 e©^ffi«iS7n3*iS<h 4 

*>fc»b»*9&JiS3*iT c &#s*>*>4. c<D»b»ra> 

[0104]125^ '>y3>»{tl8SI©XPS» 

#f*tfo/ciB**7n-r^7r*o, 02 6*$<fctfi2 2 

7«, ^y 3>»fbJ8l©*«»W (TDS-AP I M 
S) Srffofcte**^^^^^**. J/'J3>WUI 

7 7 >{;l/C) , CMPg?5lcM*^7 7X*7jffl^To 

/ctRJB (^D^r-f^D) , CMPt&ffiit^T^-T 
^^Xv^S^rtfo/ct^ (7'P7 7 ^^E) , CMP 

F) iCoiir^WU/Co Ajrfe, 7'P7 7^^CCDl eV 
fUgCQi® x ^ ;U Jjft^O-rtl « ^ - V T ? 7(D& 

[0105JH25 (a) , (b)«<t4>6CSi2p^ 
h^HSO/<:f-^T*»3 t (a) ttlOnmg 
S(D^$^r, (b) «2nm^gcO^$^^WL/c^<D 
t^^ e i25 (c) . (d) , (e)te&*Nls, 
Ols, C 1 s h^^rta^O/c^-^-C^^o 

[0 1 06] 02 5 (b) **^X7«I (V 

ay~r<4)lD) ©fix^;U^-WJ (102 e Vffifi) K 
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ST^i^x^n, Tk^^x^&asccto^y a>K 

[0107]i25 (a) J:l 7>^777X7jl!i 

s (7'd77-/^e) trnmy^x^mm (y'vy? a 

;UF) CDl 0 5 e V(Dt*-^^<gx^;U^-fIijCCjA^o 

(103. 5eV)«Si-0-N^i^6n^ e 
r > ^ ^ r ^ X ^mmte J: t>*^ 7 ^ X 7®l k J: 0 
*>y qv^ft^o^ffi^fb^nri^iti^^n^. io 
g/c s ^25 (a) i (b) t<oi\Mfrh. mtt&mm 

(c) r&figirc££ 0 

[0108)025 (e) i^V^X^m {V 

#fc>fr£ 0 CMPf£ (7'P7 7 -Ot-C) <D2 8 9 

»;^gurt,^<b#x.^ 0 20 

[01091125 ( f ) Sit'-^iNf-^i 

[01 101026 (a) , (bK (c) . (d) « 
S^I1S4 1 (A r -H) . flt2 7 (C 
, H 3 ) . H:ffi&5 7 (C« H 9 ) % MM&S 9 (C, 
H 7 O) ^IKl/cy77r$)^ B S/c. 127 

(a), <b>, (c), (d)«&^S!S2 8 (S 

i, C, H 4 ), 4 (SiO, C, H 5 ), I 30 

9 (S i H, C, Hj ) , f?ffi&3 1 (S i 
H 3 ) *»J5EL/c^^7r*4. 

[01111126(a) ^Xvfttatcj:** 

(7'n7 7 ^;i/D) <DjsmM&*m<Dm£ (5 6o°o 

[01121126(a), (bK (c) fr6> 

ztbmmtcommmh Hz* 127 
(a) - (d) frh, mm>i<Dmmm<D tr - * <d&& 
^I6ns 0 3 0 0-4 0 o°c<E>e-*«:§ 40 

Si, SiO, SiH, S i H 3 iSfrti-S. §1 

arc. s i ovmmx&hti&ti^ 7^^777X7 

ffiIt?{JS i H, S i H 3 <Dl!IIK««<!:^<!:HS3tl^c 
T&fr^ 7>^777X7jait«S i -O- 

[01131 cne^me, >>*j^>wutmmw<D so 
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^>y;>y^> KOMHittSS i -OH^S i -O 
T>^xT^^XvA!i®CCcfcO , ^lM£^<DS i 

CDS i -0-N#«BiU 'WZHDS i -OlS^f'J 
3>gfb]g<£>S i -Nifr^BiOlS^U iSi&ffJfc^ffl 

6ti^ 0 —7?, r>^^ry^x^m^7^^m^ 

Ccte. -e&^&S i -OHjB^l>S/'j3>8ftSO 
SI® & y 3 >g{ tK©JS**#* tftS7>«74# 

hi^kjsu ^>y>; >^?K> F©^HT?*SS i -o 

mt > y n >a{fc«i owbcc*»o ^> y y > ^> 
KaqjCE-r titf . * c « y - 2 x * jB^jt-r zcttt* 

[0 114] KU^>#WifeSfr 6 . 7>^777X7 
ADffiK:<fc*K K^bSn/cCuiEJKC[>aBJ«il7c3nTC 

»t«WBwa»Wtt?»HttR«:<c4ctfr6. y-* 

[0 1 1 5 ] H2 8tt, r>*^T^-7X^«iffl*tTr> 

2 9 «T >^r~ y 7'? XvfiSSrR sb^C^lg^CDWM© 

[oii6i*t *iuscDff$sir«, cuse^ojgfii 

«ata©«©B*T*4. Mil 

L) irV^T^^Xv^naiSrU/ctl^irtt. fife© 

Jt^ (*X«X7j8i, 7j<^rx^;u v g|7"7X7 

tea) ttttso-rwactcigiifiift^rt^s. 13 i^ 
*+ v?m (j/y3>wui) icD^®^ss^u/cTE 

M?It^^ 0 «iH^L<i:T>*^T^X^ffiffl<Di» 

(13 1 ) r«isiffi«:«sfeo«a6nac^, 

7^--;k aBR^^XvAaaoifl^ (13 2) rtti?i 

«c«©s/y-y--f F (Cus i ) Mfrff^stiri^. c 

Sri/ytM KIB«, ^y3>S-fbR0JBfiE©ie©^-7> 
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;&3ft^-rc><t^*_6ft& 0 jksft^x^aHi 

(032 (c), (f) ) (Dm&iat, |HB«c(5I6*© 

SfiBWaWBdE $ ft & c «> * o ** 7* 5 x^mmom 
*ec«s/yif-f K<fc©s»#h3^£**6ft*. ft 

*$, H 3 1*5*0^813 2 «C*5C»T. TEM^S ffl3 1 
(a) fci^ (b) , B32 (a)-(c) ) tejjnx. 

s^*H£-r* h (03 l(c) teitf 

(d), H32 (d)-(f) ) £#^CD/c#Ct§T E 10 

[0117] ±ELfc»«flt»*6. TDD B»ftO£ . 

CuRtt©«ffi»*HcMfl:ffl (CuO) #SA3 
ft, *fc, (>"J3>S(tl4 7) ©*JjR© 

BRCc»5/yif--f F#«JiE3ft*. c<DJ:5fcM{blBa£ 
MZffiisVIM Ftt, #8»tt*iJt«L-C >T *>ft3ft 

J:0F'J7 H3ft, BMH(DlBllll€Ctttt3ti&. £ 20 

139) ±*+?y'm (^>'J3>gfkl47) i©^® 

y>yy>y#>F#£<»J5S3ft, ?B 

iuia^fficc y - * $ ft s . y - ? *iftft 
*y fiWpnoy-f ffffl<fc*«ccj:s<»x 

«cM* (TDDB5W&) . 

[0118] cftcc*tu 2«i6<o»;«rtt, cuie*g 

4 6 a-4 6 e<DmffilCTl'*:~T%m&W-?tc&> s C 
u65^46a-46 e»ffi©BKbitt»c3ftTill5fe 
U CuBB4 6a-*4 6 e©*lH«:»C^fclB*«»RE 

5 ft sfc«>s/ y n >mui 4 7 (D^xs-oisecflt/ y * ^ 

K*««JSESftttC». C<Dtc&. V-ZtoXVffiMW&CD 

«c<tsc4m5. *fc. ***D»«rH\ s^y 
3>^ft^3 9oafficcr>^^r^Ji^j!iS-r/cfe. 40 

£ D -rtttofe. TDDB*ttffiT©MH± 

»j3>B{bR3 9i^yn>afbB4 7 £ G>«£UWS: 
*RJEr*S. Cft«c<tOTDDB5S*«:lnl±r#S©r 

[0119] ftfc t 8JBBUfcJ»«f*>^. **^X7jfi 

artTDDB***ni±r*4i*it6ft*. -rat) 
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1 -OH^S i -H-C*?*Si*ft£ 0 f S"j3>i 

L/. si-Ntia^h^o cftiCctoaMW^^y ^ 

v^S^rtf o/cJ#^<DT D D B##CD:r- ££^0fc ^ 

A (Ty^-T^Xvjai) £^0/c o TkX^Xv 
Jfflffi (^>C) -c«, TDDB»*3WSS«:i«I±-rs 

y-y^SjsshsciWJHSpSftsor, *+^p r iR 
osjz&dm d «c ^ ct 5 «c*m#a» r * £ <t * 

>D) TOTDDBSd*SMotftTfS. 026. 

2 7j&>6ito0>*<£9K:. a*^X^«LH«:j:-3r* 

[0120] *S3SOJB.«r«, 3 C uE&4 6 
a-46 e*J<t^>»;a>lMkI3 9itt -;^i4 7 

[0121] T>*-7\ *3R©#— 

7K^<tr>^^r, ass. rii/=f>*te 
X^6iStR3ft/c37C^ 47n3g^7^<Z)^^Xt? 

5 %«±s^ s ft r tr »s c i Wgr * 5 o 

[0122] (Hffi(D^ffi2 ) *mW<D9m<DB1&2 T 
*>^CMOS-LS I (DiilM?:i3 4-i4 3^ffl 

[0123] 4*w©?B«©«**i*«. mmcomm 1 

6lTCMPI16«»©ISt»Wt4. 

[0125] 07n<DJ:^tC, CMPgg4 0 Ott, WB 
MSSP4 0 1 t*<D'&mcWM hfttctm&31>4 0 2 i 

scctorflt^ESftri^. ffiB^S9S4 0 uc«, 

^ (»«) 10WB*a*tf5 2#<D5E«l (*13E«4 
0 3 A, 12^403B), 5F^a^t>o/cS« 

l^ffltti^u. -e<D^ffitcRS^jaa*M"r^y-> • 

Xf->3>404, Igl^P-^40 6, ®1^S 
40 3A, S2Si403B. ^ iJ-> • ^r-y 3 > 
40 4, T>P-^4 0 7Pa1CC^Sij3'tf€)[p]|£r-A4 
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0 5&£'#&IES4-i-Ct»-5. 

[0126] WgaaSSM 0 1 ©f^tCtt^flBfcitJMK 
fe-p /cgtg 1 ©SIS*:* * 7 -im&t 3f&Sfc#gf54 0 2 
A^W^ntl,^. f£Sfe#gB4 0 2 0-^40 
8. Sgl j5t^SP4 0 9 A, IS2gfc#S|54 0 9 B, Xt> 

p7-r+4io, r>a-^4 i i a^*5sassn-cc» 

•5. *te. fggfcfrSIU 0 2W:. i5fe#Ep©g« 1 ©ilECC 
2ft. 180^7?^, 0 < « 1 0 0 )V v f 

i> tcMfa i KfiTBM*fflrr***HiW3 *i s t . -> y 

n8£©pflPJ (+WJ) icm&ZtltcCutimcDBmfrU 

Cu^*>*sj»«OriBBWft*?l*jBcr36»6-C* 

S. 

[0127] S3 SfC^-Ti^tC. »1^M40 3 A 
«. *©T^CCKW6ftfclI«JtS«4 1 2iCfcoT*¥ 

Mrt-ciHieiga6-r^„ s/c m 1 s§24 o 3 a©±mcc 
it^momi^t z># y -5 u * >& £©^d»fjii*isj 

— tcte >3 tfttX&m i> tcwm>* v F 4 1 3 0 WW 6 20 
ftTt,>£„ f 1^4 0 3A©±*KB. W8&tSfll4 1 

4 (c «fe o r ±TSMb <£ J>'7K¥®i^-cniElg«j^ i, 

+ t'J74 1 5*tgShtC^, Ifilti, C©^x 
A+t'J74 1 5©TJ»iclS:We>ftte>}x^ + . 2 
4 1 6te=tO'';7— -r<)>^4 1 7CCJ:or. -?-©£ffi 

if^'s. h*4 1 3iC!f LttW6ft£. K4 1 3© 

HffiiSS 1 ©t*We®£OBB«:B^5 «;ttlft«4 1 8 

S4 0 3AO±*KB ( &S&&&4 1 9 «C <fc oT±Ttb 
teJ:C>**¥[Srt-C[5l$i.|gtij-r^ F ls?y-4 2 O^ffcg;* 
ft-ci^S. KU-y9"4 2 0©T^SI5«:«^-C-V' ; e>KsK 
**«*0^tt**8l»mW6*iT*J»3. «fdf^9 K4 

C©SttteJ:or5£J8ffJK9JBiJ3ft'2>. »25£S 
4 0 3 B&J. 2$©X7'JMf4 1 8 a. 4 18b# 
Rlt6.nri»4jfi*liS*. S1SS4 0 3 A£ti«|5)ffi 
©fitfiStc&o-CUS. 

[0 1 2 8 ] ±ISCMP^g4 0 O^rffi-c-CCuie^^ 40 
J&&*&iCK. P~#40 6tCiRS;*ftteaigl ££]•[£ 
7-A4 0 5>&^-7-CW^Mag|54 0 1 JCtBAU St 
S3 6tC*VTJ:*>(C. S1^4 0 3AO±Kfel,>T, 

BMBSBflU 0-4 4©*495©C uBi4 6 S^TS 
(037) . 

[0129] ccx-s&m? <)-it^mmmmti,t, 
%mm^m<Dmmm ( * 5 y ) Lfc{fc?s«*BHS 50 
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*.ft*u wmmt :»(csg&©^a^o. 1 

fifi%*?S©4>©*W$U< . 0. 0 lKffi%5fcifS©^> 
©^;t$<E>(C&^ : £ L/C>„ 

[0 130] Sifc, ifg&iLTtt. Cu©^^SK:lS 
?&J:5t l C*:<DpH&mm$tltci><D&&m$tl, 3<E> 
CCTiN*4 5 (/<V71) tC*t-r^CuM4 6©«fg 

HWHWiLrtt. HIMb**. *BMbT>*-«> 
a. w^t>*x^a, £iby>*x^Aft££Wfc-r 
<E>c<!:#-ei*. WiltB, ?x>f. -7a>^, 

y-7Jim, y>=i®. 7v>e>m. 

4. ate. ?i>i«t D D D s)niSiiLr^- flSK&ffl;? 

ntfeo, mmtLx<Dmb{&< . *t,>4> 

%©ja^k*^<b o . o 3fis%©^x>i$i^flax. 

[0131] ±8B«faf«r{t¥««WJS*tf54. *r 

SfcBB$n-c^{bB©il3^lfO. ^©JSJt^OjiL/ 

^fti*«CJ:€)B*«l8a¥9 - 2 9 9 9 3 mi<$£Vm 
«?1 0-3 1 72 3 3-^KB0<IBttS*l-Ct>5. 
[0132] WS©^mi. -Wi l/t(Sil= 2 50 ? 
/cm' . <yx.^dr + T1IIk^!= 3 0 rpm . SSI1Ie^ = 
2 5 rpm . ■J^EJ|= 15 0 cc/min<t U P^^'-y h* 
«. TRSO'r-jUCRodel) tt©ljg®^' ? K ( I C 1 4 0 
0) 5r^ffl-rS„ ef£<Ptej£tt. Cul46»S3n 
-CT%©T i NI4 5*mH/fc^il/, »*Ot)ia 
W. 5fEl^*sCulK4 6*>6.T i NK4 5tC«Cotet 

tcc^b-r S3£«*fc« f y r©isiK h;u^ft 

©— sptc^eaw. ^x/N^ffi^e.o^s^x-^i' f-^ 
^bfcS-?t»-c*§*=&«itHLte»j. ^7>;©*?m^ 
f h^fb«:S-^(^-Ci^*^tB0te«3 UXh^K 
[ 0 1 3 3 ] m 3 7 CCtkT <fc ^ JC. ±ie©5g^7 <) -\t 

tmwm&znscticj:*). 12^40-44©^ 

©Cul4 6tt»df|»56S*irT»©T i NI4 5*«S 

03 8 (a) (b) tctekLX^TJ: 
TJftaSKiBHU-CfifeCfcT i NJg}4 5©S* (^Ent? 
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nkf) tt£<ct£» c©wsr«i»*o*fttta»o/cCu 

[0134] Ki®7?l4 0-4 4 <Dfl*SB£>T i NJg 

4 5 <h*©±ffiecaBf»(C3a^>/cCuJS4 6 <b£B&*T 
ZtctblC, IK 1 4» 1 ©64 0 3 A^6»2Sfi4 0 
3BCC&U ffitftfcSttfflBiK (X5y) £ffifflL/e<b 

*\ 5/y*tt<t<O»5K^6tt*«tt<DdWJl*0. 5fi 

*H*S©»S8r we® t L t«*k: 5 f*1S%<Di&i$ 
fb*3R, 0. 0 3 J: tfO. 511% 

8 a£iiDT?S25Ea£4 0 3 BflDWfif'** K4 1 3tC{* 

[0135] SEfc, ccD^mbittmwmmicte^x 

«, T i N14 5©±ffi*CjaBtfWCC»o/cC uj]g4 6 CD 
»*K:3l*ttl>T\ »H»4 0-4 4<DttSB©T i N« 
45»in» fCt? 4 T1NI45 (^'JTI) (C 20 
*hT£C u!4 BOWBiBJRtt^WIBSBtt^ U-{fc^« 
«WJ(M)*tiJ:Ofe<Bl**fr, W^tf«iR]t3«TO* 
fl=r«fB*tfC^ E*mO-4 4©rt»<DCuflt4 6 

[0136] KFW)*tttt» -W<tbr^fm= 120g 
/cm 2 , ->X^* * y TIeIlK^= 3 0 rpm , fc&MK$C = 
2 5 rpm. 7 v •;SSS= 1 5 0 cc/min<h U Sfi^-; F 
«. O^-ML© I C 1 4 0 0 WBS«T 
iNB4 5©«Wia»4U TiNl 
4 5©JR/WW:cmJS^^ 30 

[ 0 1 3 7 ] 0 3 9 CCtR-T <fc 5 , ±fBOW5BKIt^a 
«SFJB*tf5C&«CJ:0, E«»40-44O»»DT 

i NB4 5t»6tfl»*S*irT»©^y 3>»UI3 9 
#WWTS*«. 040(a), (b) CCffiXUr^TJ: 
T»«S6«:fiH0T4i;*:S/y=i>Bl{fclR3 9<D 

Wo/cT i NJS54 5*s»#T*. 

[0138] »«C % BRift4O^4 4 0nflM)Cult4 
6©W**^ttaiR0WiWU-^o. 1B«»4 0^44© 40 
JWftDfy n>j$fbM3 9±«C»BfWCC»r>teT i NjH 
4 5 (A»j7l) ^|^*-r^/cd?>(Dil«Wlb^miSlF^ 

(S3Xf77'(DCMP) ^tf^ a C©illRffi{b^*£ 
W»«. CuR4 6«:*rr4T i N«4 5<DWBiW?lt 

^«WB{i, C u!4 8<DifWU[lciW8J/y 3>B 

itm3 9<DVtmmit<Dit# 1 <t o < ttaftfrctT 

[0139] ±3BJ8S?flWt^««W«*ff 5«Ctt. — « 
CCWE*«ttffc«tnf»"C«!fflLfcJ:9ttO. 5%fi 50 
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^^t^ fl E&AffJ&tt. Cu^4 6(Daffitca^tt<D 

WWT*JBW*t*i». <>^H;77-;i/ (bta) , 

BTA*Jl/^>K&i*©BTAR3W*. 

[0140] W«n4UrBTA*ttffl*r4*B^. *<D 
IMttx^yoWWciJ;***, as«o. ooi-i 
SS%, J:9$?£0< teO. 0 1-111%, £6te£T 
* u < »o . i-i it% < 3«B) ©»ttr-HMfc» 

ft#J<hbT0. llf°/o(DBTA^U/c^fffl 

i/just # y * * y jul cn6©7>^^At$ 

/dix^U>^7^>0^(EDTA) tt 

&<fc'CCj:-5«FBR^l 0 -2 0 9 8 5 m % - 2 

9 9 9 3 mteJzUftMV 1 0 -3 1 7 2 3 3^Cl¥L 

[0141] c<Dmvtmt*mmwm (» 3 

cmp) mfcvmwfoittmmtm ($2x7-77* 

©CMP) WfTLfcft, SI#i&t>T*25©B403 B 

<D_t-cnt>ftz> 0 ttidM&mnutditmm\t % mu<o7 

7'J«ISf4 1 8b*SDTffl»'*? F4 1 3<D*B«C 

fltt&sns. w«©ftfr«, -Wf<tur?wS= i 2 o g 

/cm\ ^x^** yTI§MEK= 3 Orpm , )Efi|gHBK = 
2 5 rpm , U SSfi= 1 9 0 cc/mini^ 5 B 
[0142104 1*$J:^H4 2 (a) . (b) 6C^T 

1B^^4 0-4 4CD^a5CDT i NB4 5^tlS£3 
ft, EiW»l4 0-4 4<Drt»K:a2(E>ii*CulBH4 6a 
-4 6 e^MSn^. 

[0143] a»ii*CuiaH4 6a-4 6 eOJBflE* 
^7U/c±IBSSl<DaBCC&i, Kt4«ci*©^-^-f 9 

^*rfalE0 3 4CCtk-T^ • Xf-^3>404(C 

*J^-CBTA**0«*"C»«1 *«fe»-T4. C<Di 
iJfe^ffitC 8 0 0 kHz «±(D^iM^Sga&^rflnx.TS 

c i *fflatwcc«»ufe««rwB«ffli»4 oi*6 

8Bfe*WB4 0 2«:«au. »l»H*4 0 9ACCttrvr 
0. lli%©NH, OH«rdtf«fej*«%fflt^c^^7 
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jgSLTC u££l4 6 a- 4 6 e &cKft#3fe£T 5<D* 
[0144] JblBX * ^ ^Sfe^ («iJfe») **3E7 b/cS 

snt xf>F7^t4iotKiS3n/cfi xii 
[oi45] *©a©xet*swscwB« 1 £iHi*&r& 

£ 0 04 3^ ±2l/cCufiei4 6a-4 6e©M 

[0146] *SISS<DJBS8«:J:*i«, J9fe<Dfl5S§ 1 £>J# 
^<fc0 3 6CCTDDBlS^*ffil±r**. H4 4«*H 

^<Dtc&>. mmmL (^>Re f ) 

fe^-OFCC7ST<fc^iCTDDB«H4^3fiC#-rS. C<D 
<fc5CCfiSffi:7 »;-CD»^CCTDDBf5^[Dl±-ra<D« 20 

[0147] «c*j, x©^0Eir^-r^ij(ii 30 

(HF«I) *ffl^*)t5i, S&ttlTDDBWte** 
6KBttt*«« (/ciA«HF«S) ^Ifil^I 

[0 148] H45«, Cug2^46 

a-4 6 e<DBf&7*v-tex<D±fcyv~Mx~$>& 0 mm 

*C7jVr<fc3tc, HF*fctt*x>Mic<fc£ffijfa:g«:# 
AlW(ilte«l iHSfrC**. 40 
[0 1 4 9 ] HFm&te. tctZtf7'?isX?'7Zfm& 

[0150] *5l»raHFffifrtCft;LT*x>Kffi»* 

[0151] C©<fc5CCHF$fcra*x>»ffi^*ffll> 
inci«*S. Cii«:J:i3TDDB*A*|nI±r 50 
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jfkbtc??yV$>Z 0 *HJSOJBffl©iS^(D^x>KS: 
S^Ut^-att^-fr/H. HFSfc#£j@fflU/e:r---* 

>Re f ) ilOSOJKBlOf*-* <5-f >A) *tHWf 

icTDDB#tt«it^ 0 chit zs-ismom^ 

[0 152] <HJS©JB»4) H4 7^H4 9«. *SI 
£^G/c¥ffi0:teJ:CWffiir&£o H4 7--S4 9CC 
[0153] 14 7CC^-fcfc^c> *6fiM5 0 1 ±KK 

WB««<D«e<t«5 o 2 *jn&u ccommms o 2 cc 
»*i&A,r»BR5 0 3*f«ti B mmms 0 3 com 
fmmmm<D&m 1 -3 tmmT$>*> 0 

[0 15 4] £6&C, ^y3>M!5 0 4, 
(TEOSStffcIS) 5 0 6*JBfiST*. 

[0155] &wmm<Di/v*>mitm5 05^ ma 

5^7K^ >';l/-feX4 1 ^ + 1^>(Hyd roqen Si 1 sesqui oxane) 
^Sf4iT^»SOGI, f- h^T;l^*>->7> 
(tetra alkoxy silane) + T^+^TJU^^^V^ >(a 
lkyl alkoxy silane) £Jl^£T£W*g^S OGSSiC^ 
^fc^ffilfUtlR^. 77X7CVDffir»S7P 
□ ^-Kfc<t\ JtR«* (c) #3. 0« 

[0 15 6] XCt, 148 (a) t*Cn^? J: 5 
r\ 04 8 (b) CC^T<£^t, S8»?L5 0 TSBBP'T 

5 0 51*. «®#fflfcJgfltjt£WU Si-OH«^4 

*aarfiSBi-r * <t t d d b#14^h <w»ci 
>»^W5 0 5*aspccjtt-r. cnccj:o, ^scds i 

[0157] XCC, 04 9 tCTjk? cfc^tC, S^tL5 0 7 
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[0158] &*. c©j; oKmmnpwy^x-vmm 
[o 15 9] r>*-r y^xv^accftx.-c* 

[0160] ftfc. mffiHb 0 7 ©WPffttC? * h Ui> 

?L5 0 7l;g|5©i3iS5 0 3©II«ltS*l^^* 

1-16 9 1 2^tt«CK*S©8Sfiai*S. 
[0161] fiB**©^ 'J 3 >^{tM5 0 5 

it. m>mtbxBis.2tizmmm< l c£* 
nzi/'j^^mm (fcixtfTEosifti) ©sts 

[0162] fel±. #f&IB#Cc£orfc<*nfc3S'B ; &36 

[0163] -r^C*D%. ±ISLfcaJbjA^C uie,^4 6 
a - 4 6 e ©ffJl&frffiCS, ^T^^vi^^^flB^/c 
a»ii*CuB»OJBfiR{cawr'5Ci4'C#4. C© 
if£«. miJie©WiS^2 4~3 0?:Jf^Uifdg. * 

-T0 5 oic^-rj^c jiiiJi@©wie,^2 4~3o© 

igPCC^^XvCVDa-CMiSl 2 0 0nrr#I|g©->y 3 
>M*fcBI 3 1. BUI 5 0 nrrrtSKCigt, >i"]3 >^bH 3 
8fcJ:!>'JgJ13 5 0 nm!Ug©'> y 3>gtfbJS3 9 fcJ&X 

wm+z. 30 

[0 1 6 4 3 #tc. E5 HCTjrrJ^ic, 7* H/^X 

h jh =& -7 ^ * cc u tc k -5 >r x v * > ^ -em i m @ ©wie 

«g2 4 , 2 6. 2 7. 2 9. 3 0 ©±g|5©^ V 3 >®Kb 
Hi3 9. ^U3>Mfb)H3 8*J<fcO'^'J=>>K{b)IS3 1 
Ofcfft. 0 5 2(a), ( b ) CCth-T «fc 9 

■C^ya>BKfcBS3 9*f»*-r4Ci{C«fc-» i r. ^^U- 
*-;U**fcA:B«i«5 0-5 4*»fitj-*. 
[0 1 6 5 ] ifctC. 05 3ec^3"<fc5(C. lEj^?S5 0- 40 
5 4 <Drta$£^tr> y 3 >$fb)K 3 9 ©±g|5(C^J15 0 
nm&<Dm^T i NJH4 5 4fffil/fcft. T i NBI4 5 

©±si?«:ieieir8 50-54 ©ai$j;«) i>+wcm^ >mm 

5 0-5 41*. Mm%mffi4 0^4 4(,Clb'<XTZ'<i> 
Ht#**(,>fc*>. T i NH4 5 ttC V DmxMm? 

iiTciccjco-riis-rs. cvds, mm*? 

ffiTCuI46*Mt<btl&K:tt, ie^?g5 0~5 4 50 
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©TlicCu©^- KJg£x^y 5f'J>^JQ:i'-C^fi5c 

[0 16 6]iX(C 05 4JC7jrrJ:'5K:. iMl/fcffit 

fb^tSMW^CC J; -> -ClBISjft 5 0-54 ©Jf 35© Cul 
4 6£T i NJR4 5£*I»*0. EStift5 0 -5 4©ft 
a5CCffist)ji*CuKiS4 6a-4 6e4^-r*. ■?■© 

?£©!*!(*. H?fa->> ^;u^v^>;f££jm^ds*i£<& 

CuK«S4 6 a~4 6 e<D&!8JfmtmCX$>*>. 
[0167] Sfc. f5ieHSfe©fl3.^1-4«. 

(,cmmx$zc±tei>*,z>A„ tisteis*^:to-t*T»ffl 

■C * 4 C <b ^ * r 4> «c l > . fctx. l3f3§SS©ff2i& 2 © 

Jf5SSl*jafflUrT>*-TS>-St»«*3R. ^©ffc©?' 
[0 1 6 8 ] £tc. B5iBJIiS©BSS-C«. T>*-7^ 

7Xvfflito-> y n >^tjg4 7©?g^=&st^K*-r 

•S C £ % < ^WtCtf -5 fc#s. 7>t-7^7 Xvjffil 
©ft. -IR^i«5:bt, *©«i/ y a >S|{t)H4 7 

io^^fc^-r-sci^-c^^di. r>t-777X 
*&©$>*& a seasi-r set « wti-c* ^ . 

[0169] 

aw%fe©cc<fco-cf#e.n€ > J8i**is#tcsiWTti«t[ 
[0170] if-7iy>m^m^xmmstitcfmm(om 

[0.171] SIMt*+v7R±<0Wm<D3i£.iWM 

[oi72]+t^ ymicis y 3 ymtmzm^tcm-gi 

[0 1 ] #2638©— HJS©Jf518 (»fi©JB!« 1 ) -C*S 

[02 ] mmomm 1 

[0 3] jat©0S8 1 <C«|jfi*ffi*^-r¥*«sS«©B 
gp^M0-C*S„ 

[04 ] mmcomm 1 ©wi^^TS-r^anitaiscfi 
a5Kffi0r*^„ 

[0 5] nm<D&m 1 ©Mi»7?s^^T^®(*s«©^ 

SP»rffi0-C*S. 

[06] ( a ) ttSgfSOJBfll 1 ©S^^S^^^ffi 

0. ( b ) «jijfi©^j. i ©Mi»^^^-rsa5Kffi0 
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-?£>•£>„ 

[ n 7 ] ( a ) imi&mm i (Drnmumz^ry-w 
0. ( b > amnoBB i (Dm&umz^-rwmmwm 

8 ] Xtt©J£ffi 1 ©Rii^ffifc^-r^ttSKOS 
gBi&rffi0-e&S. 

'[19] a»ii*Cu|3fiCD^«:fflt,>SCMP^S© 
©— gP*mT«lBS(a-C*€» 0 10 

Cain -?xa»©x* 7.^j5t^ffi=&jn-rf4taia-c?* 

[HI 2] ttAii*CuBE^©^{Cffl(,»4CMP^S 

[013] ffl»ji*CuiB*l©^«:ffl^SCMP^S 
©£{£$/£©$ 6<Cft©W*^-r«BgEK?*S. 

[ai4] mmmm i ©«j6*tt*srr 

[015] (a)tt> 7>*-777X?ftlteJ:^ 
'j n >g{tgO«a(Cll,^^7 J0^fi3iiE«©1BBe* 20 
^bfcWE0-C&O. (b)BiD<ffHt*5. 

[016] $mmm i ©««*ffi*^-r 

[017] mrnomm i ©ws^rs%^-r¥*»s«© 

gg)5»fS0-C*5. 

[018] H»©^SB 1 ©¥«<*««I5IK*lg©SliS* 

[019] gtEtt©JftB 1 ©¥iS(*HiglH]S8^g©«lg£ 
m-T»rffi0-C«>^ 
[02 0] TDDB^St^77f*5 0 30 
[02 1 ] TDDBSMSt^77tl>5. 
[02 2] (a) — (d) tt. XPSx-^Tn-f y-7 

[023] (a) - (d) tt. XPSf-if^t^^ 

[024] (a)-(d)IJ, XPSf-^^ty? 

[025] (a) - (e) tt, XPSf-^^t^ 

( f ) \tmmt^rmmx-Sii>^ 

[026] (a)^(d)B. »»ff»S«4itf7 40 

[027] (a) ~ (d) «. m&ftmsmzmr?? 

[028] mfc<o&m i ©iH^as^^^-r t e m^k-c 
as. 

[02 9] ht$5ib-C^-rTEM^Xr*S„ 

[03 0] ieisffits^^-r y^-c&s. 

[031] ( a ) tttoa3»o©t§^©iemsp»*7n-r T 

EMWT*S. ( b ) «S£66©Jf28g 1 ©ffiiSlSB^*^ 
tTEM?Sr*S. (c) fc^tf (d) tt. 50 
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(a) *5<fct>' (b) * h U-^L/t0ffir*-5. 

[03 2] (a) - (c) tt. ibSJiUr^TTEM^ 
Kf&So (d). (e) ( f ) tt, 

(a), (b) *5<fctf (c) 4FU-Xbfc0I-C* 
■5. 

[03 3] TDDBf^t^^t&i. 
[034] *^W©SUS©JKSS2 r*-5^*«S@S8 
*6B©«ja*iS£«:fflt > SCMP mm<D±ft®!&<D-ffl*: 

[035] aa>ii*cuE»©^iss«:flai»scMP«a 

©-SP*^-r0H80-C*5 

[036] C u K©Wflftfctt*5*TC M PSB©SK0 
[03 7] SI5S©^«i2©^#^»[H]Sg^g©Mi»^ 

[038] < a ) tt. mmsivttm 2 ©^ft^sssi^ 

«©»»*»* w-T*3W*iaHR©S»^®H. ( b ) tt 
HC<KaWrBE|-C*£. 

[039] m&<mt&2<D^t*mmm&mm<Dtmi3 

[040] ( a ) tt . mfaOBB 2 ©¥jg<*JIBS[IIS§3£ 
g©Si»^ffi^^-r¥^»S«©SSP¥ffi0. ( b ) tt 

Hixssawriflg-c**. 

[04 1] **6©JK.^2©^iS(*^«@SSSIS©iajS^' 

« ; &^-r¥^*s«©ssp»i®0-c* So 
[042] ( a ) tt. mm<omm 2 ©^<*^@ss^ 

g©«jg*)S*m-r*3S(*»ffi©SSIJ¥S0. (b)tt 
|iJD<SgP»fS0-C*So 

[04 3] H«S©B^2©^(*mfglHiaS^g©M^ 

[044] TDDBf^-T^^tfeS. 

[04 5] 3lit©^ffi3©^«tMHR@KKX©ata^r 
7££^-T:7a-0-e£>S„ 

[046] TDDB^it^^^T*!.. 

[04 7] KS6©^^4©^»^«|5|8Siia©SjS^ 
&**T¥***«©K»»rffiia'C*4. 

[048] ( a ) tt. mm<DBm4<Dmm&mm®8§m 
m®*mtt£nk?mm#mRvmpmB. < b > « 

[iJD<Sa5»f®0-C*So 

[04 9 ] H*S©JI5.®4©#igi*ge«@8&3Sg©$!jg:£ 

ffi*^**«««©B»»faBia-c* s. 

[05 0] 2f:^W©f&©Jlifi©^Si©^»«:^llHlffiig 
B©«JB*j56*^-r*3JW*a«©SfflKiiH-C* £. 
[05 1] *^W©fft©jl*S©^SI©*«(*«S|n]K^ 

iB©«a*ffi*^-«-*ai»a«©fiswrHia-c* s. 

[052] ( a ) tt. ffi©ISife©ffJSi©*3l»»fflllS8 
^g©SSi»^ ; £rn-r^<*SS©Sg|5¥S0. ( b ) 

[05 3] *l%Hg©ffe©3l)!ife©Jf^.©^(*aim[HlSS^ 
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1 0 9 








1 1 0 




[bssihe&l 7J^i->AKia. *>^^>e 




1 2 0 




«©TDDB«tt*«SLfc7 s -5r*7n-ry^7'C* 




1 2 1 A 








1 3 0 




[05 6] *H©TDDBI^«JS«:flBfflU/cK*4*7S 




1 4 0 




(a) tt¥ffiEL <b) *$J:Cf (c) W (a) ficfc 




1 5 0 


mttwm 






1 6 0 








1 7 0 




[05 8] «*«BE»©»»©— «-C*S. 


10 


2 0 0 


CMPgl 






2 2 0 




1 «« 




2 3 0 




2 gt^g&U 




24 0 




3 s/«j:a>flMfcBi 




2 5 0 




4 p^^x;U 




2 6 0 




5 nl^xib 




3 0 1 




6 y-h»ftM 




3 0 2a 




7 b mm 




3 0 2b 




9 >";iMKJf 




3 0 3 




ii n- mmmttmw 


20 


30 4 


b 


12 p- m^mwmm 




3 0 5 


>f- b^hrf 


13 F'**-^*-'*-* 




3 0 6 




14 n ♦ m*mmm 




30 7 




15 p * m^mftmm 




3 0 8 




18 S/y3>HMfc« 




3 0 9 


mm 


20-22 a>£^b*-;U 




3 1 0 




2 3 75 # 




3 1 1 


EJti*~v b 


24-30 wkk 




3 1 2 




28-30 CulStg 




3 1 3 




3 1 fv*>m{tm 


30 


3 1 4 




3 2—3 6 >U1/— 




3 1 5 


b 


3 7 




3 1 6 




3 8 fv^ymm 




4 0 0 


CMPgl 


3 9 i/y=i>HMb« 




4 0 1 




4 0-44 &mm 




4 0 2 




4 5 TiNi 




40 3A 


s$ 1 


4 6 Cul 




4 0 3 B 


i JS2SM 


46a — 46e CuSSS* 




4 0 4 


^ U — > • Xr-yg > 


4 7 i/'j3>St! (+t^W 




40 5 




5 0-5 4 EStjft 


40 


406 




100 CMPgl 




4 0 7 




10 1 m# 




4 0 8 




1 0 2 @K« 




4 0 9A 


k JUlSt^Stf 


103 




40 9B 


1 fH2gt#SP 


1 0 4 ffigfi 




4 1 0 




i o 5 mm'* v k 




4 1 1 




106 ^x^^-^yr 




4 1 2 




10 6a MSP 




4 1 3 


* K 


1 0 7 HIM 




4 1 4 


ffilMStft 


108 * ^ v m&m 


50 


4 1 5 
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4 1 6 ^X^+ y >? 
417 

418 X7«jeast 

4 18a *^'Jt£f£<g 

4i8b 

4 1 9 SgiWrfStS 
4 2 0 h'isvV- 

4 3 0 

5 0 1 i&WR * 
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* 5 o 2 mm 

5 0 3 

5 0 4 >"J3 tK 

505 ^>j3 >wntm 

5 0 7 }g^?L 
5 0 8 

Qn nft^^IM 1 SFET 
Qp pft^MM I SFET 
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313] 
7^ 





Lf 
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(b) f-VTv* 
KJ-O 




j j | ftp 






lI d3k. 


cm* : 

Htm - 

" : 

— Htni ; 





tn tm m ut 
Eta aim eairtv («v> 



[04 7 ] 
ST 47 



3^501 



IM KM UI 

SUHttai Bam Urt 





Si3Nz 


CMP 




H2dI 


S13NL03 


NH3pJ 


Si3N4.22 


N2pl |si3N3.81 
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^ 77 



iff -J 9 [ \ 39 
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[02 6 ] 
B 26 




joo 4N hs im mo 



] 

(b) 




j : 






l/l! 1 j 

•W-H— ■■' : 




4m ! : 















no » o ik m na i 
***K»mt>M ACCnH8n-l) 
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^ 27 



(a) 





t : : 
if f ? 




L„i 


r 






rT cJj'w 


i 










LLl — 








M* 





<b) 



n mo « in m ?m m 
TtmpcnrarvTC) 

St. C*H« af*=2* 




taa wo too m too it 

3)0, Cim «/*Q44 



(c) (d) (c) < d > 




C4H» Ok/t-il C1H7Q M/agM 31H, C2HS m/i=iZ9 31H3 m/i=« 
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